Abstract: Bangladesh was struck by a Category 4 cyclone, Sidr, on 15 November 2007, which created a massive havoc in the communities that it ripped through. Losses in terms of human lives, materials and livelihood were enormous. Housing damages represented the most visible and tangible damages associated with Cyclone Sidr. The total number of houses damaged stood at over 1.5 million out of which about 37% were reported as fully damaged and 63% partially damaged. Ten years after the calamity, the Sidraffected people still live on the edge, their means of living affected by a changing climate. The process of adaptation with changed climatic situation is still on going. This study tries to explore the experiences of CycloneSidr-affected people living in the coastal areas of Bangladesh. This study is conducted in the Cyclone-Sidr-affected area, Patharghata Upazila of Barguna District. Primary data collection is done using Focus Group Interview and then a thematic analysis approach is used for analysis. Two core themes emerge from the analysis and they are, firstly, impacts of climate change on the socioeconomic condition of the people, secondly, the impact on the built form of the population. Findings show that the effects of climate change have serious consequences on the livelihood patterns of the affected population and on their overall living environment.
BACKGROUND

Vulnerability of Climate Change and its Adaptation
Bangladesh's future is trapped between the melting Himalayas in the north and the encroaching Bay of Bengal to the south. Together with climate change, this makes Bangladesh extremely vulnerable to natural disasters. As recent research has shown, climate change is projected to worsen the intensity and frequency of natural disasters. Of course that will adversely impact development and, as always, the poor will suffer the most. The climate change issue puts Bangladesh in a more difficult situation. The challenge now is natural disaster augmented by climate change (World Bank, 2007) .
Adaptation is the process of improving society's ability to cope with changes in climatic conditions across time scales, from short term (e.g. seasonal to annual) to the long term (e.g. decades to centuries). Adaptation to climate change did not receive much attention in the first years of the international climate change studies, where there was more focus on mitigation and impacts (Kates, 2000) , but adaptation has recently been covered more extensively due to the increasing vulnerability of some countries. In fact, it has been shown that some countries will be increasingly exposed to frequent and extreme climatic events.
Climate change is an environmental issue which has significant implication on poverty and inequality. The pattern and behavior of climate including variability and extreme events play significant roles in freshwater availability, agricultural productivity, function of natural ecosystem and biodiversity, human health and livelihood of the people. These characteristics of climate either create favourable conditions for a system to function better or impose risks on a system or increase its vulnerability. Therefore, economic growth and the performance of a nation or society depend on, to a large extent, the behavior of climate. Indeed, it is widely agreed that developing countries are more vulnerable to climate change than developed countries mostly because of their proportionately larger agricultural sectors, with food security affected adversely.
A good number of papers (Skoufias et. al., 2011; Thurlow et. al., 2009 ) have recognized climate change as one of the emerging issues of pro-poor growth, poverty and inequality. Poor people are generally the most vulnerable to the climate change as they live in remote and disaster prone areas where they have little capacity to adapt to the shocks. They are also more dependent on ecosystem services and products for their livelihood. Any impact that climate change has on natural system therefore threatens employment and income generation. *Corresponding author. Email: masudurrashid@yahoo.com Moreover, livelihood, food intake, health and education are also affected by the climate change. Empirical evidence using cross country data suggests that climate change will slow the pace of global poverty reduction, but the expected poverty impact will be relatively modest and far from reversing the major decline in poverty that is expected to occur over the next 40 years as a result of continued economic growth (Skoufias et. al., 2011) .
Bangladesh has a long history of preparing for, adapting to and recovering from natural disasters. On the other hand, it is well known that the prospect and occurrence of such disasters are important barriers to development and improvement of well-being. Bangladesh, a low-lying country, is known globally as one of the most vulnerable countries to climate change (Figure 1 ).
Figure 1. Cyclone-affected area of Bangladesh
Bangladesh is already vulnerable to many climate change related extreme events and natural disasters. It is expected that climate change will bring changes in characteristics of natural hazard and gradual changes in the physical system. There is a strong correlation between increasing sea surface temperatures and the occurrence of too many rough sea events in the recent years. High wind actions have been eroding sea-facing coastal islands; even embankments located far inland from the open sea. Sudden breaches in embankments have been destroying standing crops, inundating crop lands with saline water, thereby diminishing economic potential of the coastal lands, and forcing poor people to out-migrate from the affected areas by destroying their livelihoods. A potential implication would be that future storm surges might be even higher than those observed currently. About 1.2 million hectares of arable land are affected by variation of degree of soil salinity, tidal flooding during wet season, direct inundation by saline water and upward and lateral movement of saline ground water during dry season (Groom 2012).
Devastation Occurred by the Sidrs, its
Area and Impact
On 15 November 2007, Cyclone Sidr struck the coast of Bangladesh and moved inland, destroying infrastructure, causing numerous deaths, disrupting economic activities, and affecting social conditions, especially in the poorer areas of the country. The Category 4 storm was accompanied by tidal waves up to 5 meters high and surged up to 6 meters in some areas like breaching coastal and river embankments, flooding lowlying areas and causing extensive physical destruction. High winds and floods also caused damage to housing, roads, bridges, and other infrastructure. Electricity and communication were knocked out, and roads and waterways became impassable. Drinking water was contaminated by debris and many sources were inundated with saline water from tidal surges, and sanitation infrastructure was destroyed. The Joint Damage, Loss, and Needs Assessment (JDNLA) estimated the total damage and losses caused by the cyclone to be Bangladesh Taka (BDT) 115.6 billion (US$ 1.7 billion). Table 1 presents an overall summary of the damage and losses broken down by sectors (GoB 2008) .
Damage and losses were concentrated on the housing sector (50 percent of the total), productive sectors (30 percent), and public sector infrastructure (14 percent). More than twothirds of the disaster effects were physical damages and onethird were economic losses, and most damages and losses were incurred in the private sector, rather than in the public sector.
Responses by Government and NGOs
In response to Cyclone Sidr, different organizations stood by the affected community at different phases. In the shelter sector, various interventions were supported by the Government and Non-Government Organizations towards emergency repair, renovation and reconstruction. Within a week after the cyclone, many development and humanitarian organizations together with the Government established the Shelter Coordination Group or the Shelter Cluster. An Early Recovery Assessment was carried out (within three months) followed by the Early Recovery Action plan, which emphasised the need to build Transitional or Core Family Shelters and to assist in repairing the houses. The 12 most severely damaged districts out of the 30 affected districts were focused on shelter interventions and had mostly been covered by various types of shelter intervention. This shelter gap was mainly covered by house repair assistance from the Government and some agencies in the form of the distribution of a cash grant and of shelter kits comprising tools and materials. Almost two years after Cyclone Sidr, many of the Shelter Working Group member agencies have completed their shelter programme, some of these are still on the ground continuing their effort and some are raising more funds to carry on more family shelter reconstruction programmes to cover the unmet need.
A shelter assessment organized by the Shelter Cluster and reported by Disaster Management Bureau (2008) estimated that as many as 34 percent of households with fully destroyed houses and 17 percent with partially destroyed houses may still need external assistance for rebuilding. This equates to a need of approximately BDT 11.5 billion (US$ 167 million) for rebuilding. However, the quality in construction needs to be improved and therefore, the total housing reconstruction need is estimated at BDT 14 billion (US$ 200 million) taking into account reinforced structures.
OBJECTIVES OF THE STUDY
Followings are the objectives of the study:
1. To identify the impacts of climatic hazards like Sidr on the livelihood of the vulnerable people.
2. To identify the adaptation process of local people with their built form after the hazards of Sidr.
3. To identify preparations of coastal people after ten years of Sidr experience for reducing the vulnerability to the future climatic hazards.
METHODOLOGY
To meet the objectives of the study set out in previous section, the following qualitative methods are applied:
1. Literature reviews: The literature reviews served the purpose of making the knowledge base about the devastative Cyclone Sidr. It creates a knowledge base about the climate change and the impacts of the great cyclone over the physical and socio-economical livelihood of people who lives in the coastal region.
2. Direct observation: People living the cyclone risk zone in coastal areas have their own way of technique to struggle with this natural disaster. To know their perception on cyclone, the settlement pattern and house build techniques has tried to reveal with direct survey and close contact with local people in the study area. Six villages of Patharghata Upazila of Barguna District from southern belt of Bangladesh have been visited for study. It helped to get an overview of the adaptation process and the preparation to coping mechanisms to cyclones.
3. Interviews: Interviews are being conducted during field survey with the Sidr victims after ten years of Sidr. It helps to get information about the impact of the devastative cyclone over the livelihood and the techniques or initiatives taken by the people.
Sketches and photographs:
The sketches and the photographs are used for documenting the different perimeters existing in the present condition of the coastal settlement. It also helps to make documentation regarding the issue of adaptation after the disaster. 
Context of the Study
IMPACTS OF SIDR IN LIVELIHOOD
Cyclone Sidr, with a maximum wind speed of 240 km/h, tidal waves up to five meters high, and storm surges at a maximum of 10 meters in some areas, struck the southwest coast of Bangladesh on 15 November 2007 (Figure 3 ). The hazard event caused extensive destruction of infrastructure such as houses, roads, bridges, embankments, and utility and service facilities. Drinking water became saline and was contaminated by wastes. Around one million households near the southwest coast were severely affected and another 1.3 million were impacted to some degree. The death toll was estimated at around 3406, injuring over 55,000 persons, destroying houses and shelters, crops, livestock, trees, educational institutions, and physical infrastructure. Of 16 million households in the 30 affected districts, 1 million households lost their dwellings, and another 1.5 million sustained lesser but significant damage. Of the 3.5 million households in the 12 worst affected Districts, over 500,000 households (15%) had their dwellings entirely destroyed, and another 750,000 (22%) sustained partial damage-up to 9 million people were without shelter initially, and 3.5 million for a significant period. The total cost of damage to housing is approximately BDT 56 billion (USD 800 million) (GoB 2008). An initial assessment conducted by the Local Government Engineering Department (LGED) estimated the damage to rural physical infrastructure. The power supply was badly damaged although it has been restored in most locations. The damages caused by the local roads, bridges and culverts were extensive: according to LGED estimates, 2076 kms of paved roads, 1670 kms of unpaved roads, 23,131 meters of bridges and culverts, 3,391 meters of bridge approaches in the rural areas, 931 kms of roads, 20 kms of drains in the urban areas, and other 4,676 infrastructures had been damaged. In terms of small-scale water resource infrastructure, 20 Upazilas areas were affected causing 221 kms of embankment damage, 70 kms of khal (canal) damage and 11 additional kilometers of structural damage. Embankments used as roads remained damaged. The transport, storage and communication sectors had been affected but have been fully restored. With respect to social infrastructure (health and educational institutions), the damage accounted for 15 to 30 percent depending on the structure. While concrete structures were either marginally or not at all affected, structures made of tin, wood and other materials were significantly affected (90∼95%). A total of approximately 8.7 million people have been affected to some degree by Sidr, one of the worst cyclones of Bangladesh's history that struck right as the country was just recovering from the devastating floods of a few months prior. The government classified the four districts of Bagerhat, Pirojpur, Patuakhali and Barguna as the "worst affected" due to the devastating damage sustained there. In the eight districts of Khulna, Madaripur, Sariatpur, Barisal, Bhola, Shatkhira, Gopalganj and Jhalakathi, Sidr has also caused severe damage and disruption to the livelihoods the region's people. Apart from agriculture (including crops, fisheries, forestry, and livestock), cyclone affected all major occupational activities in these districts, including wholesale and retail trade, manufacturing, education, health and social services, real estate, transport, storage and communication.
The impact of Cyclone Sidr on housing has been most visible and extensively covered by media. According to the government estimate, 564,967 households are fully damaged and 957,110 are partially damaged in 30 affected districts. The four districts most affected account for 331,498 (58.68%) fully damaged households and 439,604 (45.93%) partially damaged households. The total value of damage to housing is US$ 839 million, representing more than half of the total damage and losses of all sectors. Rebuilding and rehabilitating homes will be the most important reconstruction effort after Cyclone Sidr, since it will also provide an opportunity to improve construction quality and disaster resilience. The cyclone's main impact was on housing, absorbing the otherwise significant amount of food produced by better-off farmers, especially in areas not hit by tidal waves. In some areas of Barisal, for instance, farmers of middle-sized plots who are usually self-sufficient in food were forced to sell up to 60% of their crop in order to repair their cyclone-damaged households, reducing their food stores to an equivalent of two months instead of the usual twelve. This drastic shortage is compounded by the current insecurity about the possibility of using credit, explained more extensively below. Thus, otherwise self-sufficient farmers may plunge into food insecurity due to damage to their housing and lack of alternative sources of income. This situation presents the case for a holistic livelihood analysis-a sectoral analysis of agriculture, food consumption or housing on their own would not reveal the interaction of these sectors within the household economy.
The impact of the destruction and damage to housing is not only an important shelter issue in its own right but also the immediate and central issue in restoring livelihoods. There are four key elements to take into consideration:
1. The need to devote resources to restore housing detracts from people's capacity to restore their livelihoods after a disaster: e.g. agricultural credit is reportedly diverted to house rebuilding.
2. A number of income-generating activities were practiced at home before the disaster. Until family members have rebuilt some form of semi-permanent shelter, practically all economic recovery will remain slow. Recovery will also be checked by because the fact the vast majority of affected people remain engaged in rebuilding rather than in job seeking or returning to work.
3. Provisional shelters (tents) provided to the affected people are culturally considered to be insecure and/or inappropriate places for women and girls. Most husbands/fathers are not willing to leave their wives/teenage daughters on their own in these tents (particularly overnight), placing a further constraint on a return to work for those who normally are employed away from their homes and communities.
4. Although there are still many functioning businesses in the affected areas, the economy in general cannot recover until damaged or destroyed shops, business centers and other economic and physical structures are repaired or rebuilt and can resume the provision of both services and employment to the local community.
Prior to the disaster, there was a wide variation in the quality of housing, ranging from permanent housing to temporary or shanty types of housing (Figure 4) . Statistics for Development Division (2005) classified housing into four categories based on quality: Pucca (permanent quality), semiPucca, Kutcha, and Shanty. These classifications depend on roof and wall materials used in construction, as shown in Table 2 . Total housing damage was estimated at US$ 839 million. Cyclone Sidr caused damage in three ways: storm surge, flooding and wind. Pucca houses were much more resistant to wind, often serving very well as local ad hoc shelters, but still sustaining destruction by flooding and surge. Storm surge was by far the most powerful agent of destruction in some areas resulting in total destruction to housing and nonengineered structures. Wind caused some direct destruction which was generally quickly repairable, as well as a substantial number of tree blow downs -a major cause of windrelated housing destruction.
Most of the damage to the housing sector was concentrated on the districts of Barguna, Jhalokathhi, Bagerhat, Pirojpur, Patuakhali, and Shariatpur, which were among the twelve most affected districts. In the 12 most affected districts, nearly 540,000 households' dwellings (15 percent) of the 3.5 million households were completely destroyed, and another 854,000 (24 percent) were partially damaged. As many as nine million people were without shelter initially, and 3.5 million were without shelter over a significant period ( Figure 5 ). Table 3 shows that Barguna is one of the worst affected district with others. After ten years of Sidr, its impact is still visual over the livelihood and landscape (Figure 6 ). 
ADAPTATION BY LOCAL PEOPLE
While the value of damage is high, the population is relatively resilient and a significant portion has already partially restored their dwellings. This recovery was assisted by timely Government distribution of small rebuilding grants and materials, which greatly reduced the ongoing economic losses associated with temporary shelters. Also recovery was done in some vernacular way by the cyclone victims. The coastal embankment plays an important role on the settlement pattern of Sidr effected households. In many areas the embankment was eroded by tidal surge along with many homesteads. There are people who lost their lands, established houses on the embankment or on the slope of embankment at the river or sea side though it is vulnerable again (Figure 7 and 8). People always adapt themselves with nature. According to the inhabitants of Patharghata after Sidr the ground water contains too salinity that are not suitable for drinking. In such situation they have to collect water from rain and reserve it in water tank ( Figure 9 ). Also government took initiatives to filter the pond waters to make them drinkable (Figure 10 ). People living in the coastal area of Bangladesh for years have faced numerous mighty cyclones which killed many peoples, damaged huge properties. Through the experiences of these natural disasters the local people have developed several strategies to survive, protect the houses and other valuable belongings. Indigenous communities living in the coastal areas for centuries with unique cultural identity have close contact with nature. It is assumed that they have developed an indigenous perception for cyclones, and thereby possessed effective survival strategies. They have inherited the time-tested experiences of generations internalized through a process of socialization. The anonymous local builders show a unique talent of setting their houses with natural surroundings and house building technique from plan to every detailing of construction which is really surprising. This chapter will accommodate the finding from survey of the selected cyclone affected villages about their house building techniques to resist effects of cyclone. People's perception and house construction techniques against cyclone attack has been undertaken and observed on the following issues:
1. Safety of houses by physical planning with the surrounding 2. Orientation of houses 3. Roof shape for more wind resistant 4. Architectural and structural details 5. Use of materials 6. Housing typology
Safety of Houses by Physical Planning with the Surrounding
The traditional builders show surprising talent in positioning the house with surrounding nature to withstand the harsh effects of disasters. They plant huge plantation surrounding their house to protect the wind effect on house where the peripheral trees face the force of strong wind driven by cyclones. The plantation also depends on the wind direction which required resisting. As the cyclones mostly affect from south and south-west corner, so the selection of trees for those edges made according their wind resistance capability. By taking the forces of wind these trees reduce the effect of towards house. The betel nut, palm, coconut are mostly used trees for these purpose ( Figure 12 ). The house places in the safe distance from the planted trees to protect from damage by turning over trees due to high wind force. The distance is determined by the average height of the trees. From the survey it has observed that they preferred positioning houses by 20 to 30 feet from trees. As the main hard brunches of trees are between these distances, so if the trees turn over by wind speed of storm it will not severely damage the house. This distance may vary with the type of planted trees.
Orientation of Houses
The local people are also concern about the house shape and their orientation. Rectangular rather than square is preferred for the house plan and the short-arm-side is usually placed towards wind force to protect houses froming being turned over due to wind force. This traditional knowledge is very cleverly done in these cyclone-affected coastal areas (Figure 13) ). 
Roof Shape for More Wind Resistant
The roof shape of houses also liable to be caught by wind force. The traditional people confidently agreed with the hip roof rather than high gobble roof. According to their experiences for long time, it is evident that houses with hip roof are less damaged by cyclone hit (Figure 14) . Roof failure is very common after the Sidr hit in the survey area. It has been tried to find out the reasons behind this roof failure during the physical survey. There are basically two types of roof failure, one is roof sheeting gets blown off and the other is roof lifting off from the supporting wall. For the first kind of failure besides some other minor reasons the prime reasons are-faulty fixing details roof members with the wall and column, improper joining of roof sheeting with the roof purlin and finally imbalance of huge opening on the facades. And for another kind of roof failure, over extended roof over-hung, faulty foundation of wall and column with the ground are the main reasons (Figure 15 ). Figure 15 . Roof damages due to cyclone wind attack
Architectural and Structural Details
People generally use building materials which are available around them. But the use if these materials and developing the structural details by local craftsman to resist the cyclone hit are really appreciable. They critically identified the areas which are particularly vulnerable to wind damage and created necessary structural details accordingly to the help of traditional building materials. Furthermore, they have shown their extra awareness by using metal strap, nylon rope and some other non-local materials in the critical joints which are strong and durable than the local materials. The drawings and pictures are given below for showing the structural details done by local craftsman in the critical portion of houses to resist wind force of cyclone (Figure 16, 17 and 18 ). 
Innovative Use of Materials
To make the indigenous houses made from traditional materials more resistant to wind pressure the local builders use building materials like pre-cast concrete post, steel angle, steel section, and nylon ropes (Figure 19 ). Their awareness and understanding of heavier sections of houses, materials for vertical post, roof joint with the vertical post, and corner details are really surprising. When using the local vulnerable materials as building materials they use stronger and more durable materials like nylon rope for tying critical joints to make house stronger to cyclone attack. The treatment and preparing the local materials where the main supports together are evidently showing their matured craftsmanship. Figure 19 . Use of pre-cast concrete, steel angles, steel bolt where the joints meet
Housing Typology
Local people in the cyclone prone areas have developed specific form and shape of their houses which are driven from long experiences and struggling with disasters. They locate safely their main living area "ghar" by surrounded "pashchati". The surrounded outer layer of "pashchati" helps to protect the "ghar" from wind pressure and water penetration by wind carrying rain water. As the hip roof is well sustained by storm wind, the ghar is housed with hip roof. Separate low roof over "pashchati" also creates a sense of protection for the main space. Roof of main "ghar" and "pashchati" is built separately for the safety of main roof. Moreover, minimum roof overhung and least opening in the front of "pashchati" wall prevents roof uplifting by wind pressure (Figure 20) . 
DISCUSSION AND CONCLUSION
Due to lack of any coastal management for settlements planning the losses of shelter resources have been very massive. It is therefore very important to rethink the absolute need for integrated environmental and physical planning of coastal settlements. Land allocation and shelter reconstruction programmes should be followed by careful planning of the settlements by geographic location. Design considerations for making cyclone resistant and durable structures for future disasters should be backed by research and demonstration projects simultaneously. Core shelters will put emphasis on locally available material and technology for improvement in cyclone resistance capacity.
The reconstruction strategy for shelter and housing points to the need for (i) promoting hazard-resistant construction standards and designs, (ii) rebuilding in situ, (iii) ensuring owner-driven rebuilding, (iv) rebuilding with familiar methods and easily accessible materials, (v) only relocating settlements when necessary, (vi) ensuring that urban planning is limited and strategic, (vii) offering uniform assistance that is not compensation-based, (viii) coordinating multiple reconstruction initiatives and standards for equity, and (ix) linking shelter and housing to livelihoods and infrastructure rehabilitation. In addition to addressing the immediate sheltering needs of the affected people, the government should begin to prepare for the longer reconstruction phase with focuses on: (a) determination of losses for establishing a baseline and eligibility levels, (b) conducting training for safe construction techniques, (c) disseminating information on available assistance packages and disaster-resistant designs, and (d) establishing property rights. There have been anecdotal reports of an inestimable number of people losing their ownership documents in the surge. This may cause a complicated administrative process to obtain renewed proof of ownership, and, as bureaucratic procedures are costly and cumbersome, they must be often carried out in head towns far away from the rural places where the event occurred and can hardly be navigated by mostly illiterate peasants. In the meantime, they lack legal title and credit access, and may also face challenges to their ownership. Legal assistance to put title documents in order may be a useful service to provide, and protecting the titles in a dry safe place should be also considered for the future. Natural disaster is not only a problem of Bangladesh but also a global problem. The thing which is important and pathetic for Bangladesh is that it is really tough for Bangladesh to cope with the socio-economic losses from natural disasters as well as climate changes.
